A two-dimensional, fully numerical approach to the solution of four- 
then 10
−10 au) was obtained with use of the finite element method [18, 23] . The authors used the Lagrangian-type finite elements defined as two-dimensional fifth(and more)-order polynomials within triangular regions [17] . But for the molecular system with the exchange the cited authors would have to use supplementary Dirac-Fock-Slater approximation [18] .
From our viewpoint the reason is that the Lagrangian-type finite elements are not enough localized for calculations of electron interaction matrix elements in a reasonable time (e.g.
the fifth-order polynomial occupies 21 nodal points). As it was shown in [11] the state 3 u with parallel spin becomes the ground state of the hydrogen molecule in magnetic field of strengths B/B 0 > 0.2(B 0 = 2.35 × 10 9 G). I.e. the exchange interaction must be taken into account.
The main difficulty in relativistic calculations consists in a generalized matrix problem enlarged by four times. Furthermore the energy matrix with an exchange loses the band structure and the time of calculation mainly depends on the exchange matrix construction.
For the solution of exchange problem in a reasonable time we have used the B-splines basis set with minimum overlap. Taking into account the high accuracy of up-to-date relativistic solutions for H in the magnetic field and for H and H 2 in strong magnetic field. Following Z.Chen and S.P.Goldman [4] we have noted that variation method in relativistic case "may have difficulties of variational collapse, spurious roots, continuum dissolution in case of system with more then one electron" (in the one-electron system the wave functions with poor quality may have the lower-lying state energy, than that from the exact solution of the problem). To avoid spurious roots in case of H 2 we used the direct QL-algorithm for finding all of the generalized eigenvalue problem eigenvectors [22]. Since we investigated the different behavior of one-electron wave-function relativistic components in the magnetic field, the calculation of H 2 was performed only in the framework of the one-determinant approximation.
By these means in this work we realize a two-dimensional, fully numerical approach to the solution of the four-component Dirac-Fock equation using the Hermitian-type basis of Bsplines [14] . We use the Hermitian basis set with maximum localization of each finite element (i.e. the overlap exists only between the nearest neighbors). In addition, the Hermitian basis sets provide the fast expansion and re-expansion of wave function only with use of function values and their derivatives in every nodal point [16] . These features of the basis set allow to calculate the Dirac-Fock equation without supplementary assumption of exchange [15] 
where α and β are usual Dirac matrices, Z 1 and Z 2 are the nuclear charges, r 1 and r 2 are the distances to the nuclei, A = (−By, Bx, 0) is the vector-potential of the electromagnetic field, B is the magnetic field magnitude in z-direction. Because of axial symmetry of diatomic molecules, we describe the four-component spinor of a single electron wave function Φ in elliptic coordinates (ρ,τ ,ϕ):
where D -is the distance between nuclei. After separation of the angular coordinate ϕ and modification of (ρ,τ ) coordinates by the introduction of the parameters for the coordinates "stretching" (d ρ and d τ )
we obtain for single electron wave function within z-projection of total momentum µ the following expression:
The relativistic components φ k are expanded in terms of the FF:
is,it,hs,ht
where (i s = 1..N s , i t = 1..N t ) are the nodal indices for (s, t) coordinates, (h s , h t ) are the Hermit component indices and λ=(0,1,0,1) for k=(0,1,2,3). In our work the two-dimensional FF is constructed as a product of the one-dimensional elements from the HBS f (i, h; x):
The analytical properties of two first Hermit components of the B-splines f (i, h; x) are the following:
where
is the distances between the nearest nodal points.
Therefore, each FF occupies the region between the main function nodal point (i s , i t ) and the nearest nodal points (i s ± 1, i t ± 1) only. We shall call this region the FF local space. We have calculated the H matrix elements in the crossing of the FF local spaces numerically, using the seven-point quadrature formula (these formulae are exact for the polynomials with the degree 6 and under). We have used the equi-distant net with 24 points of integration between the nodal points. The expansion (4) leads to a (16
where H m , J, K and S are the one-electron, Colomb's, exchange and overlap matrix operator, respectively. The number m = µ − 1/2 defines the symmetry properties of the wave function Φ. The choice of the two-dimension FF as a product of one-dimensional ones allows to reduce most of one-electron matrix elements to the one-dimension integrals. In case of the two-electron elements we used the interpolation properties of the Hermitian-type
Z(x, y) ≈ ix,iy,hx,hy
with the nodal values
i.e. by the approximation of an arbitrary differentiable function the nodal values C are defined by the function and derivative values in the nodal points.
Let us consider, for example, the exchange matrix element for the single-determinant case (in Matsuoka's [20] notations):
is the result of the integration over a relatively small-sized region of the FF F (α1; s, t) non-zero values. Moreover; in view of Eq. (8) and (9), the function G α1,k1 (s, t) and its derivation can be calculated for the nodal points (i s , i t ) only. In the end of this section we present our results for H + 2 ground state in the field-free case (third-order piecewise polynomials (6)) in comparison with relativistic calculation on the base of fifth-order polynomials (Table I) . The "exact" values in Table I value and value in non-relativistic limit (for matrix one-electron Fock-Dirac equation (7)) in the same finite functions basis. The aproach of this kind allows to compensate (in great part) in the relativistic corrections uniform errors, associated with the basis lenght, and to obtain the reasonable values with using the moderately long B-splines basis. This correction (as it is shown in Tables I,II for field-free case and III for H in magnetic field) good fit to the results, obtained with the energy high-precision calculation.
III. RESULTS
In the one-electron case, the equation (7) was solved for the ground states of the hydrogen atom and hydrogen molecular ion. The nuclei were placed into the coordinate system focal points. In the coordinates (2), the N s × N t equi-distant nodal net was built for the finite functions F from the expansion (4). The parameters dρ and dτ were chosen with use of the optimization for field-free case. The 13 × 9 for H and 10 × 11 for H Table I and   Table II Our results for H presented in Table III are compared with detailed data from the nonrelativistic B-splines calculations made by Jinhua Xi et al. [12] and with relativistic finite basis set calculations by Z.Chen and S.P.Goldman [4] . for the total density decreases to a greater degree then the small component.
In the Table IV Table IV ).
The relativistic correction of total energy increases quadratically in the same manner as for H + 2 in the case of parallel orientation.
Comparison between total energies for H 2 and the sum of two energies for hydrogen atoms (see Table III The energy of the 1(−1/2 g )1(−1/2 u ) state is free of minimum [11] as being an internuclear distance function. And so, in the case of transition into 1(−1/2 g )1(−1/2 u ) configuration, the hydrogen molecule dissociates into single atoms.
As it is shown in Table VI b Jinhua Xi et al. [12] c See comment to Table IV TABLE IV 
